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Abstract 
Leaching column experiments were conducted on sulfide-bearing mine waste material to evaluate the efficacy of 
transformed red mud (TRM) derived from bauxite refining residue, zero-valent iron, and synthetic iron (III) 
hydroxides in reducing contaminant mobility. Wastes were placed in columns together with sorbents/reagents in three 
different setups: as a blended amendment (mixing method), as a bed at the bottom of the column (filtration method), 
or as a combination of the two previous methods. Results showed that filtration methods are the most effective, whilst 
the use of sorbents/reagents as amendments leads to unsatisfactory results, because of selective removal. 
 
© 2012 The Authors. Published by Elsevier B.V.  
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1. Introduction 
A number of technologies have been developed to minimise the generation of acid drainage and the 
release of toxic elements from mine wastes. The choice of a specific technology is typically a 
compromise between efficacy and costs. A common method of contaminant removal from water and 
wastewater is the use of various adsorbents/reagents that fix contaminants in the solid phase by 
precipitation/adsorption phenomena. An interesting perspective for replacement of costly conventional 
methods is the application of reagents obtained from industrial wastes, with the additional advantage of 
drastically reducing the cost of waste disposal. Red mud is a waste product from bauxite processing; it is 
principally composed of fine particles of silica and Fe-Al-Ca-Ti oxides and hydroxides, which are 
responsible for its high surface reactivity. Red mud has been explored as an alternative adsorbent for 
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arsenic (e.g. [1-3]), as well as for selected heavy metals [4]. However, supplementary studies are required 
for multi-contaminant laden wastes.  
The aim of this project was to investigate, through leaching column experiments, the efficacy of 
transformed red mud (TRM), zero-valent iron, and synthetic iron (III) hydroxides in reducing the release 
of contaminants from a complex sulfide-bearing waste, containing several different contaminants.  
2. Material  
Wastes: the study was carried out using waste material (< 10 mm) from a sulfide-bearing waste pile 
located at the Baccu Locci Pb-As abandoned mine site (Sardinia, Italy) before remediation (ended in 
2012). At Baccu Locci, an unusual primary mineral assemblage made up of about equal amounts of 
galena and arsenopyrite [5] produced exploitation wastes laden with extremely high levels of As (up to 
10%), and heavy metals such as Cd, Cu, Ni, Pb, and Zn [6]. Therefore, such waste material is particularly 
suitable to test the efficacy of TRM and other Fe compounds as reagents/adsorbents in presence of 
contaminants with different geochemical behavior. A bottle leaching test [7] on this waste material 
pointed out the production of an acid leachate (pH 4.4), and the release of significant amounts of 
contaminants (As, Cu, Pb, Zn, Cd). The physico-chemical characterization of the waste material is 
reported in [7].  
Reagents: TRM powder and pellets (BauxsolTM; Virotec Italia), zero-valent Fe powder (Carlo Erba), 
and synthetic Fe hydroxide pellets (Bayoxide E33 HC; Lanxess Energizing Chemistry) were used in the 
investigation. BauxsolTM is produced from caustic bauxite refinery residue by admixing calcium and 
magnesium chlorides [8]. The resulting mud mainly consists of micron-sized iron oxide (hematite) with 
some Fe hydroxide (goethite), hydrated Al oxide (gibbsite), and sodium alumino-silicate (sodalite). 
Bauxsol pellets are obtained by mixing the Bauxsol powder with ordinary Portland cement and a 
porosity-generating reagent, in order to obtain mm–cm-sized granules with a porosity of about 45%, a 
specific density of 1.15 kg/dm3, and a specific surface of 31 m2/g  [9]. 
3. Methods 
Experiments were performed in five plexiglass columns (30 cm high, 43 mm diameter), filled 
respectively as follows: 
column E column F column N column G column O 




400 g of as 
received waste 
admixed with 1.6 
g of zero-valent 
Fe powder and 10 
g of TRM powder 
300 g of as 
received waste 
on 100 g of waste 
mixed with 1.6 g 
of zero-valent Fe 
powder 
300 g of as received 
waste on 100 g of waste 
admixed with 1.6 g of 
zero-valent Fe powder, 
and a bed of 20 g of 
TRM pellets 
400 g of as received 
waste on a double 
layered bed of 8 g of 
Fe (III) hydroxides 
(top) and 20 g of 
TRM pellets (bottom) 
Deionised water was introduced from the top of the columns using a peristaltic pump. About 75 ml of 
water was added to each column at a rate of about 2,5 ml/min during 30 minutes per day, five times in a 
week; flow rate, pH and electro-conductivity, as well as metal concentrations (by ICP-OES) of the 
effluent were initially determined daily, and later every 2-3 days. The experiment was stopped at 25 Bed 
Volumes, BV (representing the volume of effluent equal to the volume of packed waste). Further 
information on the experimental setup is reported in [7]. 
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4. Results and discussion 
Results of the leaching column experiments are summarized in Table 1. 
 
Table 1. Effluent pH, total mass (µg) released after 25 BV, and immobilisation efficiency (IE; % difference with respect to Column 
E) of Al, As, Cu, Ni, Cd, Pb, and Zn. 
 
Column pH Al  As  Cu  Ni  Cd  Pb  Zn  
  mass IE mass IE mass IE mass IE mass IE mass IE mass IE 
E 4.65 5318 - 2903 - 10654 - 168 - 942 - 944 - 35719 - 
F 8.07 3128 41,2 40256 -1287 248 97,9 18 89,3 20 97,9 128 86,4 122 99,7 
N 4.98 534 90.0 99 96,6 4534 57,4 496 -196 445 52,8 887 6,1 23385 34,5 
G 8.08 10711 -101 147 95.0 102 99,0 19 88,5 5,1 99,5 54 94,2 484 98,6 
O 8.60 3087 42.0 100 96,6 32 99,7 9,7 94,2 3,5 99,6 48 95.0 119 99,7 
 
The as received, untreated waste (column E) produces acid leachates, and releases significant amounts 
of potentially toxic elements (in particular Cu and Zn) throughout the experiment. Without any treatment, 
this material must be considered a long-term dangerous waste. In the column F setup, the acidity of 
leachates is totally countered by the neutralising capacity of the TRM (average pH ~ 8). Consequently, 
heavy metals are fixed in the solid phase by precipitation and/or adsorption (immobilization efficiency 
ranging from 86% for Pb up to 99% for Zn). However, this waste-reactants combination dramatically 
enhances As release, since high pH values favor its desorption from ferrihydrite [10]. Therefore, this 
combination must be avoided in presence of As, even if as accessory. The column N setup lacks the 
neutralizing capacity of TRM, therefore the pH value is around 5. This disposal is quite efficient in fixing 
arsenic in the solid phase (96 %), by adsorption on the Fe (II)-oxides surface (from the oxidation of the 
zero valent Fe powder), but scarcely efficient in reducing metal mobility. Therefore, it could be 
considered an option for As-rich wastes with a limited presence of heavy metals. The column G setup 
permits a considerable reduction of both As (immobilization efficiency 95%) and heavy metal mobility 
(from 89% for Ni up to ~99% for Zn, Cd and Cu). However, it leads to a significant mobilization of Al, 
which is present in elevated concentrations both in the waste and in the TRM. The column O setup shows 
the best performance for simultaneous reduction of As and heavy metal contents in the leachates. 
Apparently, the first layer (acid environment) acts as a filter for As, while the second layer (alkaline 
environment) as a filter for heavy metals. Moreover, with respect to the column G, the Al release is 
minimized. 
A preliminary study by SEM-EDS clarified at the microscopic scale these macroscopic results, 
showing As and Pb adsorbed at the surface of TRM grains (Fig. 1). To better understand the reaction 
mechanisms at a molecular scale, further investigations by the use of TEM, FT-IR an XAS are planned.  
Conclusions 
Results from these leaching column tests showed that mixing of wastes with the tested 
reactants/adsorbents may lead to satisfactory results on selective contaminants, but is weakly effective on 
others, and may even enhance their mobility. A dominantly acid (or vice versa alkaline) environment as a 
function of the used reagents/adsorbent represents the main drawback of this system. The filtration 
method, particularly when reactants/adsorbents are disposed in layers, is efficient in reducing all 
contaminant concentration below the limits of Italian laws for industrial effluents. In fact this system 
permits to create two separated environments with opposite pH conditions. Mixing (amendment) appears 
as a poor option when handling complex, multi-contaminant wastes. 













Fig. 1. (a) SEM secondary electron image of newly formed calcite admixed to TRM (column G). (b) EDX spectrum 
of TRM (column G) showing the presence of As and Pb adsorbed at the surface. 
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